We recently reported the design and synthesis of a series of conformationally dynamic chromophores that are built on the C 3 -symmetric tris(N-salicylideneaniline) platform. This system utilizes cooperative structural folding-unfolding motions for fluorescence switching, which is driven by the assembly and disassembly of hydrogen bonds between the rigid core and rotatable peripheral part of the molecule. Here, we report detailed time-resolved spectroscopic studies to investigate the structureproperty relationships of a series of functionalized tris(N-salicylideneaniline)s. Time-resolved fluorescence decay spectroscopy was applied to determine the main relaxation mechanisms of these π-extended fluorophores, and to address the effects of hydrogen bonding, steric constraints, and extension of the π-conjugation on their relaxation dynamics. Our results agree well with the conformational switching model that was previously suggested from steady-state experiments. Notably, extension of the π-conjugation from peripheral aryl groups resulted in the stabilization of the excited states, as evidenced by longer lifetimes and lower non-radiative decay constants. As a consequence, an increase in the fluorescence quantum yields was observed, which could be explained by the suppression of the torsional motions about the C-N bonds from an overall increase in the quinoid character of the excited states. A combination of time-resolved and steady-state techniques also revealed intermolecular interactions through π-π stacking at higher concentrations, which provide additional de-excitation pathways that become more pronounced in solid samples.
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conformer A. In addition to flattening the entire structure to define an extended π-conjugation, such intramolecular hydrogen-bonding network suppresses internal torsional motions of A to make it fluorescent. Loss of such O-H···O contacts results in the "unfolded" and non-emissive conformer B (Scheme 1) having freely-rotating C-N bonds. Here, the lack of structure-rigidifying hydrogen bonding interactions facilitates non-radiative decay of the excited states through internal torsional motions. This simple mechanistic model was supported by the loss of fluorescence intensity in the presence of hydrogen-bonding DMSO solvents or F -anions, which effectively compete with the intramolecular O-H···O hydrogen bonds to unfold the molecule. 10 This fluorescence on-off switching scheme, which is based on the hydrogen bonding between the rotatable perimeter and the rigid core of the fluorophores, was exploited subsequently for a turn-on signaling of fluoride ions in solution, 12 and signal amplification through orientation-dependent fluorescence resonance energy transfer (FRET).
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Scheme 1. Chemical structure of a functionalized tris(N-salicylideneaniline) and a cartoon-style representation of its "folded" conformation (A) through a cyclic array of intramolecular hydrogen bonds. Loss of these key O-H···O-H···O contacts leads to structural "unfolding" (B) with freely rotating C-N bonds between the C 3 -symmetric molecular core and peripheral aryl groups.
The use of functionalized tris(N-salicylideneaniline)s as stimuli-responsive molecular switches and sensors should benefit significantly from (i) maximizing changes in the emission intensity (∆I) upon 4 structural folding-unfolding, and (ii) modulating spectral windows of photo-excitation and emission through structural modifications of the π-conjugation. Detailed spectroscopic studies on a homologous set of molecules should thus provide useful structure-property relationships that will guide rational structure design in such directions. Toward this objective, we initiated comparative spectroscopic studies on compounds 1-10 listed in Figures 1 and 2 . 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   5 The series 1-3 ( Figure 1 ) were investigated specifically to address the role of hydrogen bonding and steric constraints on the stability of the excited states. The series 4-10 ( Figure 2 ) were studied to delineate the effects of extended π-conjugation on both the energy window and efficiency of light emission. We applied time-resolved spectroscopy to determine the origins and kinetics of the main relaxation mechanisms of these functionalized tris(N-salicylideneaniline)s 1-10. Individual contributions of these excited-state decay processes on the commonly measured steady-state properties, such as fluorescence spectra and emission quantum yields, were evaluated across the series, the details of which are presented in this work.
Experimental Section
General Considerations. All reagents were obtained from commercial suppliers and used as received unless otherwise noted. Diisopropylamine was degassed by freeze-pump-thaw cycles (× 3) and stored under nitrogen. The compounds 1,3,5-triformylphloroglucinol 16a and 2-iodo-4-tert-butyl-aniline 19 were prepared according to literature procedures. The syntheses of 1, 10 
The indices f and st stand for the fluorophore and the quantum yield standard (= reference molecule), respectively. Q represents the emission quantum yield, Grad is the gradient of integrated fluorescence intensity vs. absorbance at λ = 380 nm, and η is the index of refraction of the solvent.
Lifetime Measurements. Samples were excited by a mode-locked Ti:S laser (Mira 900-F, Coherent Inc., CA) with a repetition rate of 76 MHz and a pulse duration of less than 200 fs. In order to allow for two-photon absorption to occur, the 800 nm output was focused onto the sample. Fluorescence photons were detected orthogonal to the incident beam on a fast photomultiplier tube (PMA 165-P, PicoQuant GmbH, Germany), pre-amplified, and collected by time-correlated single photon counting (TCSPC) electronics (TimeHarp200, PicoQuant, GmbH, Germany) for processing ( Figure 3 ). 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   7 A short pass filter and a Glan-Taylor polarizer at magic angle position (54.7 °) were placed in the detection path to ensure that only fluorescent photons were detected and to avoid rotational diffusion artifacts. Temperature control was achieved with a FLASH 200 Fluorescence Cuvette Holder (Quantum Northwest Inc., Seattle) under dry-gas purging. The wavelength and bandpass selections were obtained using a H10 VIS monochromator (HORIBA Jobin Yvon Inc., NJ). The monochromator features a holographic grating with a linear dispersion of 1200 g/mm, which corresponds to a bandpass of 8 nm/mm slit width. Due to intensity and concentration considerations, a bandpass of 16 nm was chosen and measurements were obtained at 5 nm intervals throughout the fluorescence spectrum of the sample.
Fluorescence decay curves were fitted to a multi-exponential decay model (eq. 2) using global fluorescence decay data analysis software (FluoFit 4.2, PicoQuant, GmbH, Germany). [22] [23] [24] [25] [26] [27] [28] [29] 
where I(t) is the recorded intensity at time t, α i is the pre-exponential factor or amplitude of decay component i, τ i is the lifetime, and t is the measurement duration.
The lifetimes and their corresponding pre-exponential factors thus obtained were then used to calculate weighing factors for lifetime specific contributions to the average lifetimes and steady-state properties. These weighing factors are the fractional amplitude (a i ) and the fractional intensity (f i ): 
Results and Discussion
Conformational Dynamics in Solution. The design of 1-3 takes into account variations in the number of hydrogen bonds and the degree of steric constraints, which should impact conformational dynamics of the molecules in solution (Scheme 1). As we reported previously, 10, 12 nm), which is smaller than that of 1 (∆λ =30 nm) and presumably reflects the more rigid molecular structure. In support of this notion, the fluorescence quantum yield (= Q f ) of 2 is 9.7%, which is significantly higher than that (Q f = 4.2%) of 1 under similar conditions. While 3 shows comparable absorption and emission features to 2, its fluorescence quantum yield of Q f = 1.6% is more than six-times lower than that of 2. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   11 Our initial experiments thus targeted a better understanding of the relationship between molecular structure, optical properties, and dynamic behavior of 1-3 in solution. For this purpose, time-resolved fluorescence spectroscopy was applied. As described by eqs 7 and 8, Q f corresponds to the probability that the excited state is deactivated by a radiative rather than a non-radiative pathway, with rate constants of k r and k nr , respectively. This relationship allows for a quantitative analysis of the competing processes and the stability of the excited states of the molecules. 32, 33 While most chromophores have only one radiative pathway, several competing non-radiative pathways may exist. In order to account for such possibilities, k nr is defined as the sum of the rate constants of all non-radiative decay pathways involved.
Using the instrument setups ( Figure 3 ) and procedures described in the Experimental Section, we recorded and analyzed fluorescence decay of 1-3 by TCSPC. While fitting with two exponential decay components provided reasonable results for 3 (Figure 6c ), an additional third decay component was required to fit the lifetime decay curves of 1 and 2 (Figures 6a and 6b) . 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 12 A summary of the individual lifetimes and fractional intensities obtained from time-resolved studies is provided in Table 1 . Here, lifetimes were assigned to three domains, τ 1 (0.1-0.3 ns), τ 2 (0.45-0.8 ns) and τ 3 (1.4-1.9 ns), the physical meaning of which became our immediate interest. According to the fractional intensities (f 1 -f 3 ), compound 1 has significant contributions from both τ 1 (79%) and τ 2 (18%), and a trace amount of τ 3 (3%). On the other hand, 2 shows small amounts of τ 1 (9%) and τ 3 (5%) components but a significant contribution from τ 2 (86%). In 3, τ 1 (99%) prevails and τ 3 could not be detected within the sensitivity of the setup. The results from the deconvolutions were then used to calculate amplitude-averaged lifetimes, as well as radiative and non-radiative rate constants listed in Table 2 . While no significant differences were observed in the radiative rate constants for 2 (0.149 ns -1 ) and 3 (0.144 ns -1 ), which share an essentially identical π-skeleton, 1 having an additional ethynyl unit on each aniline fragment shows a slightly higher k r of 0.241 ns -1 . In contrast to the radiative rate constants, the non-radiative rate constants differ significantly across the series 1-3. While the range of radiative rate constants spans less than a factor of two, the lack of hydrogen bonding results in a more than six-fold increase in the non-radiative rate constants when a comparison is made between 2 and 3. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   13 A significantly decreased fluorescence quantum yield of 3 is thus a consequence of an increase in k nr , rather than a decrease in k r . This finding quantitatively substantiates the intuitive fluorescence switching model shown in Scheme 1, in which the loss of structural rigidity opens additional nonradiative channels for de-excitation of B, in a situation similar to 3. Consistent with this model, the smallest k nr of 1.39 ns -1 in the series (Table 2) 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58 Despite limitations in the spectral resolution of the current set up, the decay-associated spectra (DAS) clearly revealed the emergence of two emission maxima for 1 and 2. The main emission with peak intensity at λ = 456-464 nm corresponds to τ 1 and τ 2 , whereas the emission of τ 3 appears red-shifted at λ = 490-540 nm. The emission maxima of τ 1 and τ 2 are within two data points of the DAS, which makes it less straightforward to interpret whether they originate from distinctive species or minor changes in the conformation of the same chromophore. The emission associated with the τ 3 component, however, is markedly red-shifted from those of τ 1 and τ 2 (see Figure 7b , for example), and is associated with the longest lifetime (Table 1) . These properties suggest a more extended electronic structure that typically evolves from intermolecular interactions of π-conjugated molecules in solution. 35 If intermolecular π-π interaction is indeed responsible for the emitting species with τ 3 , its solution population would show concentration dependence. We thus carried out TCSPC experiments on solution samples with a concentration range of 50-500 µM in order to examine the involvement of such solution "aggregates". In order to ensure that the changes in fractional intensities directly reflect the changes in the composition of the excited state, measurements were preformed over the same amount of fluorescent photons. For 1 and 2, the red-shifted component with the lifetime τ 3 shows an increase in fractional intensities towards higher concentrations (Figure 8 ). This increase amounts to 1.9 ± 0.7% for 1 and 10.9 ± 0.9% for 2. In contrast, no significant changes in the intensities could be detected for 3 (0.4 ± 0.2%). This 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   15 concentration dependence of the fractional intensities suggests that the red-shifts in the DAS are due to intermolecular interactions that lead to aggregation in solution, presumably via stacking of rigid flat molecules assisted by O-H···O contacts between individual molecules (vide infra). These findings are in accordance with the observation of intermolecular hydrogen bonds in the X-ray structure of 2, 12 which might occur for molecules in solution. The lack of such hydrogen bonding capabilities also explains why no stacking (and therefore no τ 3 component) could be detected for 3. In order to correlate the dynamics in solution with molecular structures and to determine if such stacking interactions occur for molecules in the ground state or in the excited state, solid-state samples were prepared by dropcasting 1 or 2 on glass substrates. TCSPC experiments on these samples revealed good fits for two decay components for 1 and 2 ( Table 3 ). The lifetimes are on the order of 0.45-0.56 ns and 1.3-1.9 ns, which overlap fairly well with the lifetimes τ 2 and τ 3 of solution samples. The corresponding fractional intensities show a significant increase in the longest decay component with 26.8 ± 5.8% for 1 and 40.2 ± 2.7% for 2, compared to 1.9 ± 0.7% and 10.9 ± 0.9% obtained for the corresponding solution samples at the high concentration end (500 µM). The third, shortest lifetime component could not be detected, which may be due to the suppression of non-radiative decay pathways due to a dense packing of the molecules within the solid film. A higher degree of stacking found for 2 (40%) relative to 1 (27%) in the solid state, as deduced from the fractional intensities ( Table 3 ), indicates that its molecular geometry prefers intermolecular interactions. One structural parameter to evaluate the overall planarity of the molecule, as well as the degree of conjugation, is the dihedral angle φ between peripheral aryl rings and the core unit ( Figure 4 ).
Steric interactions between two neighboring propargyl alcohol groups, three pairs in total (Scheme 1 and Figure 1 ), result in a relatively large dihedral angle of 20.9 ° in 1. 10 The absence of such steric congestion allows 2 to fully relax and orient more properly in the plane of the π-system, which results in smaller dihedral angles of 10.9-11.9 °. 12 This planar arrangement presumably allows for a more favorable intermolecular interaction, which is reflected in the higher fractional intensity of the τ 3 component in 2.
The solution dynamics leading to aggregation was probed independently by concentration- Figures 9b and 9c ). These observations suggest that an intermolecular association is indeed occurring for 2 in solution, leading to stacking and aggregation at higher concentrations. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 18 Figure 10 . Temperature-dependent changes in the fractional intensities of (a) 1, (b) 2, and (c) 3.
As shown in Figure 10b , the composition of the excited state hardly changes for 2 (85-95% of τ 2 )
within the temperature range of -25 to +50 ˚C. In contrast, 3 shows an "inversion" in the fractional intensities as a function of temperature (Figure 10c ), which results in the decrease of f 2 from ca 70% at -25 ˚C to < 10% above 10 ˚C with concomitant increase of f 1 . Under similar conditions, 1 also shows a depletion of the state associated with τ 2 with increasing temperature (from 80% at -25 ˚C to 20% at 50 ˚C), although it slopes less steeply and still contributes significantly (50%) to the excited state at 10 ˚C (Figure 10a) . At low temperatures, the state associated with the lifetime τ 2 thus becomes dominant for all three systems, and shows the trend of f 2 (2) > f 2 (1) > f 2 (3).
The fractional intensities plotted in Figure 10 show the average population of the excited states associated with individual lifetimes. As the lifetimes change with temperature due to the activation barriers of non-radiative relaxations, so do the populations of the excited states. The nature of the relaxation mechanisms, along with their activation barriers and dependence on temperature, influences the rate at which the population of the excited states changes. The competition between the radiative and nonradiative processes for the relaxation of the molecule results in a lower fluorescence efficiency at a higher temperature and vice versa.
In order to determine whether the inversion in the fractional intensities for 1 and 3 as a function of temperature (Figures 10a and 10c) originates from an inversion in the populations of the excited states or two independent processes with very different temperature dependences, an absolute measurement was Page 18 of 29
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The Journal of Physical Chemistry   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   19 needed. For this purpose, the fractional amplitudes and the steady-state emission quantum yields were used to calculate the lifetime-associated contributions to the total fluorescence quantum yield (eqs 3 and 7). The fractional amplitudes represent the relative contribution that the individual lifetimes have on the total amount of photons recorded. This dependence on the total fluorescence intensity allows calculation of the contribution of individual lifetimes to the emission quantum yield of the molecules. An absolute measure of the components contributing to the steady-state fluorescence is shown in Figure 11 , which compares fractional amplitudes of individual lifetimes relative to the total amount of photons recorded. Figure 11 . Lifetime-associated contributions of the decay components to the total emission quantum yield of (a) 1, (b) 2, and (c) 3 as a function of temperature.
The lifetime dependence of the emission quantum yields plotted in Figure 11 shows the influence that the composition of the excited state has on the fluorescence spectra. Overall, the quantum yields decrease with increasing temperature. This is a typical behavior, which reflects higher rate constants of non-radiative decay at elevated temperatures. As shown in Figure 11 , both τ 1 and τ 2 contribute significantly to the total quantum yield at low temperatures. At -10 ˚C, they contribute about equally in the case of 1 and 3, whereas τ 1 contributes four times as much to the fluorescence intensity of 2 as τ 2 .
Toward the high temperature end, however, τ 2 loses its contribution. For 1 and 3, the contribution from τ 1 remains quite steady until it reaches a "critical temperature", beyond which it starts to decrease as well.
This critical temperature is 20-25 ˚C for 1, and 5-10 ˚C for 3.
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The Journal of Physical Chemistry   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   20 According to our analysis of Figure 11 , the steady-state emission quantum yields of tris(Nsalicylideneaniline)s are dictated by an interplay between two different decay components that have significant temperature dependence. The low temperature range below the critical temperature (vide supra) is dominated by τ 2 , where contributions from τ 1 remain fairly constant. On the other hand, the high temperature range above the critical temperature is dominated by τ 1 , where τ 2 has essentially vanished.
For 2, the critical temperature across which this switching occurs seems to lie above the experimentally accessible temperature window. This might be the reason that τ 2 still has significant contribution to the emission at T = 50 ˚C (Figure 11b ).
The temperature dependence of the fluorescence lifetime ( Figure 10 ) and the contribution of different decay components to the overall emission quantum yields ( Figure 11 ) suggest that non-radiative decay pathways are available for the excited-state associated with τ 2 . The contributions of τ 2 across the series 1-3 also concur with the steady-state fluorescence efficiency, which follows the trend of 2 > 1 > 3.
The molecular basis of this non-radiative decay was previously postulated to be structural unfolding through loss of hydrogen bonds (Scheme 1) and thermal relaxation of the excited-state through internal torsional motions. An intriguing observation from Figure 11 is an essentially constant (ca 3%) contribution of the τ 1 component to the emission quantum yields of 1-3, which implicates that this deexcitation pathway is not influenced by hydrogen bonding or steric constraints associated with peripheral aryl groups. It is therefore most likely related to processes occurring at the {C 6 O 3 (CHNH) 3 } core, such as a cis-keto* to twist-keto* isomerization of the N-salicylideneaniline fragments. 36 The detailed molecular mechanism responsible for this phenomenon is yet to be elucidated.
Temperature-dependent studies described in this section confirmed that τ 2 is the main relaxation process, which is also responsible for the structure-dependent changes in the fluorescence quantum yields observed for 1-3. The dependence of τ 2 on hydrogen bonding and steric constraints further suggests that the emission efficiency of tris(N-salicylideneaniline) fluorophores should be enhanced by suppressing bond twisting about the C aryl -N enamine bonds. One synthetic approach to achieve this goal is installing π-conjugated chemical functionalites at the para-positions of the aryl groups so that the excited state could 21 readily acquire quinoid character with higher rotational barrier of the C aryl -N enamine linkages. 37, 38 The following section describes structure-property relationships of such π-extended tris(Nsalicylideneaniline)s investigated by time-resolved spectroscopic techniques.
Photophysical Consequences of Extending π-Conjugation. The TCSPC studies on 1-3 have established that molecules sharing an essentially identical tris(N-salicylideneaniline) core have similar k r values but different k nr parameters (Table 2) , which collectively result in markedly different fluorescence emission efficiencies. In order to test the general applicability of this model, we investigated the structure-property relationships of tris(N-salicylideneaniline)s 5-10 having radially disposed π-conjugations that are extended from the C 3 -symmetric core of the parent system 4 ( Figure 2 ). Across the series 4-10, an identical set of structure-rigidifying hydrogen-bonding network is maintained so that our research focus can be placed on the effects of extended π-conjugation on the emitting states.
As we previously reported, their extended π-system and small structural rearrangements upon photoexcitation and de-excitation. 32, 33, 39 In general, compounds 5-10 having extended π-conjugation show red-shifted bands in both absorption and emission relative to those of the reference system 4. 11 This trend apparently has its origin in the decrease of the HOMO-LUMO gaps by an effective expansion of the π-conjugation, as can be deduced from their chemical structures.
The emission efficiency of tris(N-salicylideneaniline)s also depends on peripheral π-extension (Table 4) . Compared with the benchmark molecule 4 (Q f = 5.3%), the fluorescence quantum yields of ethynylene-extended 8 (Q f = 13%) and 9 (Q f = 19%) show ca two-fold and four-fold enhancement, respectively. Installation of additional ethynylphenyl branches as in 10, however, decreased the emission efficiency to Q f = 12%. A similar trend was observed along the series 4 → 6 → 7, with an initial enhancement (Q f = 16% for 6) followed by a decrease (Q f = 12% for 7) with increasing conjugation. 22 According to eq 7, an increase in Q f results either from a longer lifetime or a larger radiative decay rate k r .
We thus measured fluorescence decay profiles to track the origins of such behavior. In order to suppress potential aggregation in solution, time-resolved experiments were performed on samples at low concentrations. With the exception of 10, the emission from π-extended tris(Nsalicylideneaniline)s could be fitted with two decay components (Table 4) These findings suggest that the increase in the emission quantum yields might be due to an enhanced conformational stability of the excited states of π-extended molecules which leads to longer lifetime.
We subsequently determined radiative and non-radiative decay rate constants of 4-10 and compared with those of 1-3. As anticipated from their essentially superimposable π-conjugation, 4 has a k r value similar to that of 1 and only a slightly higher k nr value. The π-extended molecules 5-10 show comparable radiative decay rate constants of k r = 0.172-0.332 ns -1 , which decrease slightly with extension of the π-conjugation as shown in Figure 12 . On the other hand, a large decrease in the nonradiative decay constant k nr was observed with increasing π-conjugation ( Figure 12 ).
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Since the torsional motions of aryl rings surrounding the tris(N-salicylideneamine) {C 6 O 3 (CHNH) 3 } core constitute the main non-radiative decay pathway (Scheme 1), a decrease in k nr with elongated π-conjugation presumably reflects suppressed C aryl -N enamine bond twisting motions resulting from an increased contribution of the quinoid character. 37, 38, 40 Therefore, a net enhancement in fluorescence quantum yield observed in π-extended tris(N-salicylideneaniline)s is not so much from an increase in k r as from a decrease in k nr . We note, however, that the k nr value essentially levels off at certain points (see changes in k nr upon moving from 6 to 7 in Figure 12a ; also from 9 to 10 in Figure 12b ), and further structural extension beyond these points have an adverse effect on the emission efficiency since k r drops slightly while k nr remains essentially constant.
Summary and outlook
We have investigated structure-property relationships of a series of dynamic fluorophores that are built around a C 3 -symmetric tris(N-salicylideneaniline) core. In solution, these molecules undergo reversible switching motions that interconvert the emissive folded and the non-emissive unfolded conformer. In order to address the role of hydrogen bonds and steric constraints in this process, a combination of time-resolved and steady-state studies were applied on model systems 1-3. Our concentration-and temperature-dependent TCSPC studies have established (i) good correlation between non-radiative decay rate and fluorescence quantum yield, (ii) contribution of three distinct decay 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   24 components τ 1 , τ 2 , and τ 3 in the de-excitation process. While the structure-independent and temperatureinsensitive τ 1 component has a constant contribution to the total quantum yield, the main relaxation process τ 2 changes dramatically as a function of temperature and depends strongly on the presence of hydrogen bonding and steric interactions of peripheral aryl groups involved in conformational switching.
In addition, the concentration-dependent τ 3 component implicated interchromophore interactions at higher concentrations, which was independently confirmed by 1 H-NMR studies.
Installation of either vinylene-or ethynylene-bridged π-conjugations onto the three-fold symmetric core of these molecules resulted in red-shifts in absorption and emission spectra, along with enhanced emission quantum yields. Fluorescence decay measurements on these π-extended tris(Nsalicylideneaniline)s 5-10 revealed two main decay lifetimes as in simpler systems 1-4. Extension of the π-conjugation apparently results in more stable excited-states due to a decrease in the non-radiative decay rate while the radiative decay rate remains essentially constant across the series.
Prevailing paradigms in π-conjugated organic molecules focus primarily on strategies to rigidify the structural backbone to promote intimate electronic communication between neighboring units.
Challenging this "static" view, we have devised chemically intuitive and operationally simple means to trigger-bond twisting motions between neighboring π-fragments, which translate directly to changes in emission properties of tris(N-salicylideneaniline)s. Findings described in this work have significantly enhanced our fundamental understanding of the de-excitation pathways of these conformationally dynamic fluorophores, and laid a solid groundwork for their rational structural evolution for potential applications in light-harvesting, chemical sensing, and molecular switching. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 Correlated bond twisting motions reversibly switch the emission properties of C3-symmetric π-conjugation, the relaxation mechanisms of which were investigated by time-resolved spectroscopy.
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